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CONTRIBUTION TO THE SYSTEMATIC INVESTIGATION 
OF JOUKOWSKY PROFILES.* 
By Gottfried Loew. 

Tills axticle resulted from the need of showing, in a simple 
way, how the aerodynamic properties of airfoils are affected by 
the shape of their profiles. No general solution of this prob- 
lem could be found, since the profile shapes cannot ordinarily 
be expressed by simple mathematical formulas. .This advantage is 
possessed only by the Joukowsky profiles and this discussion of 
the problem is 'therefore Ximited to them. Oskar Schrenk pub- 
lished in this magazine ( "Zeitschrif t fur Flugtechnik und Motor- 
luftschiffahrt," May 28, 1927, pp. 225-230) an article entitled 
"Systematische Untersuohungen an Joukowsky-Prof ilen" (.For transla- 
tion, see NoA.G.A. Technical Memorandum No* 422, "Systematic In- 
vestigation of Joukowsky Wing Sections")* (See also "Srgebnisse 
der Aerodynamischen Versuchsaristalt zu Gottingen," Report III.) 
The present investigation differs from the abovementioned one 
only in the form of presentation. The 74th and 79th reports of 
the D.V.L. ("Deutsche Versuchsanstalt ffer Luftfahrt") also relate 
to this work (N.A.C.A. Technical Memorandums NqS. 456 and 457). 

To what extent the constants assumed by Martin Schrenk really 

*"Ein Beitrag zur Systematik der Joukowsky^-Proi ile" in "Zeit- 
schrift fur Flugtechnik und Motorluf tschif f ahrt , " November 28,' 
1927, pp. 517--522. ' 
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hold good, can be readily learned from the diagrams* 

The shape of a Joukowsky profile is determined by the thick- 
ness parameter d/l and the ceunber parajneter f/l . In the rep- 
resentation, one of the parameters was always assumed to be con- 
stant, while the other varied (Fig. l). Diagrams were thus ob- 
.tained for a thickness group d/l = constant with variable cam- 
ber or vice versa. The aerodynamic properties were represented 
by a function Ca = f (c^), = f(a), Ca = f(c^/ca), or some 
similar one, according to the particular point of view. Hence 
there were three variables to be represented. This was done by 
plotting the values of f/l, in any desired scale, on the ab- 
scissas of a rectangular system of coordinates. The values of 
Ca were plotted on the axis of the ordinates. Obviously there 
is a point (cai jf/l,^ ) for each value of c^j. In normal re- 
gions of like camber, i.e. with one and the same profile, the 
same c^l value will occur with a different Ca value. Still 
another point ' (cai,f /li ) corresponds therefore to our c^j 
value. In the case of a neighboring camber, the same c^i, if 
it has a normal value, will appear in a similar manner at the 
points PsCcasjf/lg) and Pg^CcasS f/lg)* In this way, points 
can be found for the c^i values in the field on the different 
parallels to the ordinate axis, each parallel indicating a camber 
and therefore a profile. All these points can then be connected 
by a curve, which shows how, v/ith increasing camber, a constant 
cw value occasionally coordinates with another Ca value* If 
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such curves, c^ = constant, be drawn for the most divergent 
values of c^, there is produced what may be called a topograph- 
ic map or diagram. 

With this method of representation, we may speak of the 
curves c^ = constant as lines of elevation or stra^tif ication. 
The curve of minimum drag surrounds the peak. The distance be- 
tween the consecutive lines (the slope of the field) indicates 
the greater or less rapid increase in the drag, while the steep 
declivities indicate a separation of the flow. Sections through 
the field parallel to the axis of the ordinates give the polars 
for the camber or thickness represented on the abscissas. In 
this way intermediate profiles can be determined. The comparison 
of different charts representing individual thickness groups is 
more valuable and instructive. 

The fundamental tendency of these fields is identical. They 
have a certain longitudinal axis, along which the intervals be- 
tween the curves of constant c-^ reach their maximum. From a 
spatial vie^oint, the most gradual slope of the drag field lies 
on this axis. In this direction the increase in the profile 
drag, with increasing Cq^, is the smallest. The inclination of 
this axis is about the same for all fields. The boundary curves 
for the CgL max of each profile likewise approximately coincide 
for thin, thick and very thick profiles (d/l = 0.10, 0.15, 0.20). 
The thin profile remains about c^ = 0.2 behind the others. The 
lift increase of a profile is therefore predominantly a function 
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of its camber and its influence is in fact greater in thin pro- 
files than in thick ones. The lower region is practically cov- 
ered for nea^rly all profiles. The minimum profile drag for the 
thin profile lies at = 0 and f/l = 0 and shifts with in- 
creasing thickness to about c^^ = 0.45 and f/l = 0.05. For 
d/l = 0.05, the absolute coefficient of drag is = 0.065. 

For d/l = 0.2, c^ = 0.12, which is nearly 100^ worse. 

For lack of space, only a few pages of the whole report can 
be published here, so that only a few of the examples can be 
given. Likewise some of the diagrams must be omitted, which were 
drawn for one and the same profile group, both for the simple 
profile drag and for the total drag of the Gottingen airfoil sec- 
tions. 

Figure 2 shows the profile-drag coefficients for a thin pro- 
file covering all the cambers investigated. The fundamental 
tendency of the field is a very stable and steady one, probably 
due somewhat to the influence of the few available data. Since 
the field has a sharp ridge and steep slopes, the profiles show 
a very good optimum, but a very small good region. The separation 
takes place very uniformly both in the upper and in the lov/er . 
region. 

Quite a different picture is presented by Figure 3, which 
applies to profile thicknesses much used on engine-driven air- 
planes. They have a convenient constructional thickness, without 
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being too thick. The field has a very unstable character. The 
^a max very high and climbs very rapidly with small cambers, 
but slower with large cambers* The separation processes are very 
abrupt in the lower region for ordinary profiles, but are more 
gradual for larger cambers. The minimum forms a distinct peak 
around the origin or zero point, but a flatter minimum is devel- 
oped again over profile 580. It is obvious that the data for 
profile 541 were affected by some disturbance, since the whole 
field is distorted. I have heard that this was due to imperfec- 
tions in the model. ■ Furthermore, a symmetry of the polars of 
the symmetrical profile (f/i = O) is to be expected. 

Figure 4 represents a rectification of field 10. Despite 
the surprising uniformity, only a few measurements were made. 
The values of the profile 429 were arranged symmetrically with 
respect to the origin. Measurements with profile 541 were omit- 
ted, since they were unreliable. Lastly, care was taken that the 
intervals between the curves diminished uniformly, which is a 
necessary condition for a steady course of the polars. A nega- 
tive camber denotes an. inverted airfoil of positive camber, which 
is measured in the normal direction. The field was plotted only 
for values up to c^ = 0.02. The corrections from subsequent 
check tests, the results of which are given in the third report 
of the Go'ttingen A.V.A. ("Ergebnisse der Aerodynamischen Ver- 
suchsanstalt zu Gottingen, 3 Lieferung"), greatly improve the 
field of departure 13. 
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Figure 5 was plotted for different thicknesses with the 
same camber. The field is to be regarded' as a vertica.1 section 
through the superposed camber fields. It shows a somewhat im- 
proved character. The Ca max is hardly affected by the thick- 
ness. The lower region, however, is favorably affected by the 
thickness. The minimum, c^ coefficient is obtained with thin 
airfoils* 

Figures 6 and 7 afford a comparison of the moment coeffici- 
ents in theory and. in practice. In the third Gcttingen report, 
already referred to, the theoretical formulas are sr^ transformed,, 
with the aid of a numerical table, that the theoretical calcula- . 
tions can be made for a perfectly definite Joukowsky profile. 

On the basis of such a table, the Gottingen investigators 
plotted theoretical lines of moment in their polar diagrams. 
The fields of practical and theoretical va,lues were both plotted 
f'or the thickness d/l = O.I.- The cai:iber appears again on the 
abscissa. and the lift coefficients on the ordinate,, while lines 
of constant-moment coefficients appear in the field. -The Gottin- 
gen theoretical lines of moment were taken as the basis for plot- 
ting the theoretical moment field. The curves* themselves were 
calculated, however, for the profiles 545 and 431. It was found, 
as 3.1S0 at Gottingen, that straight lines occur for small cambers, 
while curved lines are developed for large cambers. The loca- 
tions of the points is affected by the slightest inaccuracies in 
calculation. The tendency of the field in the region undisturbed 
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by separation phenomena is the sane. In the region of separating 
flow and at = 0, the value of c^^ is indeterminate. Since 
the separation phenomena in the lower region for the most part 
preceed very slowly, unstable conditions develop in the practical 

field. There is agreement in the numerical values only for low- 

i 

cambered profiles. 

In addition to the simple relations between lift and drag 
and lift .and wing moment, the gliding coefficient c^/c^ ^Jid 
- the climbing coefficient *cw/ca^* ^ are of interest to the con- 
structor in his aerodynai:iic calculations* Corresponding fields 
were therefore plotted for these values, both for the pure pro-- 
file values and for the a>ssunptions of a particular exaiiiple. 
Figures 8 and 9, respectively, represent a field for the gliding 
coefficient and for the climbing coefficient of the thickness 
group d/l =0.1 with an aspect ratio t/b = l/5 and a struc- 
tural-dra^ coefficient c^y = 0.03. It is apparent that the 
gliding coefficients gradually fall frcm the best value both with 
increasing and with decreasing Cg^ values, while the climbing 
coefficients, after passing the maximum, fall very rapidly with 
increa^sing values. 

From such curves the constructor can obtain a very good idea 
of the effect of varying the camber and also of varying the 
thickness in corresponding fields* If he selects, for example, 
in the fields 3, 8, 9, a, particular profile and then changes 
his choice by taking a larger or smaller f / 1 ratio, he can im- 
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mediately see the effect of such changes. The practice.! range 
varies from f/i = 0.07 to 0.017. The c^^ + pj.^^^ varies there- 
by from 0.0115 to 0.032 and the Cg^ j^^y. increases from 1.25 to 
1.5, while the gliding coefficient remains constant. The climb- 
ing coefficient gradually increases and then decreases. F^r air- 
planes built for. speed,, greater variations can be made toward 
the axis of symi'netry, but the climbing coefficient becomes notice- 
ably poorer. Conversely the climbing coefficient is fairly good 
up to f/l = 0.27 and c^ increases to 1.7, while the coeffici-. 
ent of glide rapidly grows poorer and c^ ^nin decreases to 0.076. . 
It should be remembered that profile thickness has very little 
effect. In any case it has much less effect than the CcUiiber.. 
These curves . afford valuable data for researches on variable 
camber wings. Further discussion., of these problems falls out- 
side the scope of this article, since their thorough discussion 
would necessit3-te' a very exact investigation^ of the whole" prob- 
lem, both in its aerodynaiiiic and its constructive aspects. 

In commenting on these results, it may be said that the ' 
fields are sufficiently, consistent. This means that the results 
are good, especially in consideration-- of the very great distorted 
scale. Difficulties first arise in the region- of incipient sep- 
aration., due to the very unstable condition: of flow. The only 
profile which gave bad results throughout was No.- 541, as already 
mentioned. The discrepancies between its old and new measure- 
ments are indicated by dotted lines (Fig. 3). The curves repre- 
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sent the purely experimental results and leave the rectification 
to the reader. 

In the graphic method, it is probable that the interpolations 
will also give sufficiently accurate results. 

Translation by 

National Advisory Committee 

for Aeronautics. 
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Fig. 1,2 



.For d/l = const. 



a = c__T = const. 



Fig.l 
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Figs. 3 & 9 
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Figs. 4 & 5 
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* 429 rectifisd sym- 
matrically with 
rafarence to the 
origin. 541 dis- 
regarded, because 
very irregular. 
dc^p/dCj, constantly 

increasing. 



Profile No, 429 541 580 431 432 
Fig. 4 Corrected chart of constant profile drags 

of the J-profile group, d/l-0 . 1, f /IK) .0-0 . 35 • 

175 

13 



** Example of an 
assumed course 
in the negative 
region. The neg-' 
ative thickness 
(-d/l) corresponds 
to the positive 
thickness C+d/l) 
according^ to the 
formula A. i_ 

1 Ud-Z 




(for cos 7 -l) . 



Profile No. 558 550 433 434 435 



Fig ,5 Chart of constant 
profile drags 
•3 of the J-profile group. 
dA=0-l>f/l«0.0-0.35 
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Fig. 6 




0 .05 .1 .15 .2 .25 .3 .35 

f/l 

429 580 432 — 545 
541 431 603 

Profile No. 

Fig. 6 Diagram of constant theoretical Cm of J 
profile group. d/l=0.1, f/l=0.0-0.35 
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Figs.? & 8 





Fig. 8 Chart .of con- 
stant gliding 
coefficionts at X~l/5, 
''0.03 fore =emin-e 
«0.12 of J-profile 
group. d/l-0.1,f/l- 
0.0-0.35. ' 
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